INTRODUCTION
============

Renal dysfunction is a common complication of liver cirrhosis. This may be related to the abnormal hemodynamics of systemic and splanchnic arterial vasodilatation and extra-hepatic vasoconstriction peculiar to advanced cirrhosis \[[@b1-cmh-2016-0056]\]. This is termed functional renal failure, as the renal dysfunction is the result of relative renal ischemia, and is usually reversible upon correction of the hemodynamic abnormalities without any residual structural damage. However, many liver conditions are also associated with their distinctive renal problems. For example, patients with alcoholic cirrhosis are susceptible to the development of IgA nephropathy; patients with viral hepatitis C frequently have cryoglobulinemia leading to renal damage. In addition, many systemic conditions such as vasculitis can affect both the liver and the kidney together, causing simultaneous liver and kidney injuries and dysfunction in both organs \[[@b2-cmh-2016-0056]\]. Thus, patients with liver disease can frequently present with renal dysfunction and this could be acute in onset or gradual in its presentation, ultimately leading to a steady decline in renal function or chronic renal failure.

THE CONCEPT OF AKI- WHY THERE IS A NEED FOR CHANGE
==================================================

Traditionally, renal failure in cirrhosis is defined as a 50% increase in the serum creatinine (SCr), with the final SCr being greater than 1.5 mg/dL (133 µmol/L) \[[@b3-cmh-2016-0056]\]. The use of this definition has proven to be very useful in the prognostication of patients with liver cirrhosis and decompensation \[[@b4-cmh-2016-0056],[@b5-cmh-2016-0056]\]. However, patients with decompensated cirrhosis and ascites have significant muscle wasting. Since creatinine is derived from creatine, which is mainly found in skeletal muscles, SCr may be low despite significant reduction in glomerular filtration because of poor creatinine biosynthesis from reduced muscle mass in these patients \[[@b6-cmh-2016-0056]\]. Therefore, to reach a SCr of 1.5 mg/dL (133 µmL/L) in order to diagnose renal failure in cirrhosis means that many patients with milder degrees of renal dysfunction may be overlooked. It then follows that this threshold of SCr may represent a degree of renal dysfunction that is too advanced for treatments to be effective. This is especially true for patients with acute renal failure, who may not have the time to wait for the strict diagnostic criteria of renal failure to be reached before intervention can begin. Therefore, there is a need to change the definition of acute renal failure, especially since smaller changes in SCr in other patient populations seem to infer a negative impact on their survival \[[@b7-cmh-2016-0056]\].

Various academic nephrology societies have proposed the concept of acute kidney injury (AKI) to represent acute changes in renal function. This includes minor changes in renal function that would not be recognized as renal failure. However, these minor changes may lead to permanent structural damage to the kidney, hence the term "injury" is preferred. The diagnostic criteria include a combination of glomerular filtration changes as well as reduction in urine output. Over the past decade, the definition of AKI has evolved through the Risk, Injury, Failure, Loss of function and End-stage renal failure or RIFLE criteria \[[@b8-cmh-2016-0056]\]; the Acute Kidney Injury Network or AKIN criteria \[[@b9-cmh-2016-0056]\]; and Kidney Disease Improving Global Outcome or KDIGO criteria \[[@b10-cmh-2016-0056]\]. The latest set of diagnostic criteria set forth not only the parameters for the diagnosis of AKI, but also defines various stages of AKI to document the severity of the condition.

THE INTERNATIONAL ASCITES CLUB'S DEFINITION OF AKI
==================================================

A combined effort of researchers and academics from the International Ascites Club (IAC) representing the hepatology community, together with the Acute Dialysis Quality Initiative (ADQI), a nephrology community, finally decided in 2010 to adopt the nomenclature of AKI to represent acute renal failure in cirrhosis. The diagnostic criteria, however, were modified from the AKIN criteria for the cirrhotic patients. The use of a reduction in urine output as part of the diagnostic criteria was eliminated because cirrhotic patients with ascites frequently have a low urine output as part of their sodium and water retention syndrome. Many of these patients have a daily urine output of \<500 mL/day, which is already below the diagnostic criteria for the diagnosis of AKI, and yet their glomerular filtration is near normal. Therefore, only the changes in SCr criteria are now used to diagnose AKI in cirrhosis. An acute increase in SCr by more than 3 mg/dL (26.5 µmoL/L) in less than 48 hours, or a 50% increase in SCr from baseline represents a diagnosis of AKI \[[@b11-cmh-2016-0056]\]. The IAC further fine-tuned the AKI diagnostic criteria ([Table 1](#t1-cmh-2016-0056){ref-type="table"}) \[[@b12-cmh-2016-0056]\]. The baseline SCr is now defined as a stable SCr that is available within the previous 3 months. When SCr is not available, then the SCr that is closest to the current SCr is used. When SCr measurement has never been done, then the SCr at hospital admission is used, and the AKI is presumed to have occurred in the past 7 days. The AKI episode can be classified into various stages depending on the severity, as in the other systems of AKI definition used by the nephrology community. This was felt to be important, especially since the severity of the AKI episode may have an impact on prognosis \[[@b13-cmh-2016-0056]\]. [Table 1](#t1-cmh-2016-0056){ref-type="table"}, [2](#t2-cmh-2016-0056){ref-type="table"} describes the various stages of AKI. Progression of AKI is upgrading to the higher stage, whereas regression of AKI is downgrading to a lower stage ([Table 2](#t2-cmh-2016-0056){ref-type="table"}). The most severe form of AKI is hepatorenal syndrome (HRS). It is now defined as stage 2 or 3 AKI that fulfils all the other diagnostic criteria of HRS \[[@b3-cmh-2016-0056]\], but without setting a threshold of SCr for its diagnosis.

It is important to note that AKI does not only represent functional renal failure related to hemodynamic abnormalities in cirrhosis. Rather, the definition encompasses a spectrum of renal diseases that can cause acute renal dysfunction including structural renal diseases \[[@b14-cmh-2016-0056]\].

APPLICABILITY
=============

Even before the IAC formally defined AKI for cirrhosis, many investigators were applying the various other AKI definitions to evaluate whether these definitions could determine the prognosis of cirrhosis with renal dysfunction \[[@b15-cmh-2016-0056],[@b16-cmh-2016-0056]\]. All reported a higher baseline SCr in patients who developed AKI was associated with a significant increase in mortality \[[@b15-cmh-2016-0056],[@b16-cmh-2016-0056]\]. This was associated with a further rise in mortality in parallel with increasing severity of the AKI episode.

When applying the initial IAC and ADQI diagnostic criteria of AKI to a cohort of stable cirrhotic outpatients decompensated with ascites, the development of AKI was followed by a graduate increase in the SCr over a 12-month follow-up period, despite recovery from the initial AKI episode, associated with a significantly decreased survival \[[@b17-cmh-2016-0056]\]. When the same criteria were applied to a cohort of hospitalized patients with infection, the development of AKI was associated with an 80% 30-day mortality if there was no reversal of the AKI. Even for those patients who recovered from their AKI episodes, their 30-day mortality of 15% was still significantly higher when compared to 7% in patients who never developed AKI \[[@b18-cmh-2016-0056]\].

The forgoing studies did not evaluate the impact of staging on patient outcome. However, progression of AKI during hospital stay occurs commonly. In a prospective study assessing the prognosis of 192 cirrhotic patients admitted into hospital with AKI \[[@b13-cmh-2016-0056]\], there was a significant correlation between the initial AKI stage and in-hospital mortality. In addition, 44% of patients developed progression of their AKI, associated with more medical and cirrhosis related complications, together with a marked increase in mortality. Similar findings were also reported in another cohort of prospectively enrolled patients with the highest all-cause mortality being observed in patients with stage 3 AKI on admission \[[@b15-cmh-2016-0056]\].

Since the IAC diagnostic criteria for AKI in cirrhosis were published in early 2015, there has been only one publication that has applied the new diagnostic criteria to cirrhotic patients with AKI \[[@b19-cmh-2016-0056]\]. A prevalence of 39% for AKI occurrence was observed, with almost half of the AKI episodes being at stage 1, irrespective of whether the lowest SCr in the previous 3 months or the closest pre-admission SCr was used as the baseline SCr, suggesting that the IAC proposed definition of the baseline SCr is valid. The 90-day mortality was proportional to the initial AKI stage. For patients who did not recover from their AKI, their hazard ratio for mortality at 6 and 12 months were 6.3 and 4.6, respectively. Even for patients who recovered from their AKI episode, there was still a significant increase in mortality by 2 fold. For patients with stage 1 AKI whose maximum SCr was \<1.5 mg/dL (133 µmoL/L), there was also a 3.5 fold increase in hazard ratio for mortality at 30 days. All of these findings confirm previous studies \[[@b13-cmh-2016-0056]-[@b17-cmh-2016-0056]\] documenting that AKI in cirrhosis, even with trivial SCr changes, is detrimental to patient outcomes. [Table 3](#t3-cmh-2016-0056){ref-type="table"} summarizes findings of recent studies on AKI in cirrhosis.

MANAGEMENT OF AKI
=================

The management of AKI should focus on early recognition and intervention. [Figure 1](#f1-cmh-2016-0056){ref-type="fig"} sets forth the proposed treatment algorithm for the management of AKI in cirrhosis. As the majority of AKI episodes are precipitated by an acute event ([Fig. 2](#f2-cmh-2016-0056){ref-type="fig"}), which further exaggerates the already disturbed hemodynamics in advanced cirrhosis, it is imperative that all precipitating factors are identified and corrected. For patients who have become dehydrated from over-diuresis, or from excess lactulose use, the diuretics will have to be withdrawn or the lactulose dose reduced. For patients who have gastrointestinal bleeding, blood transfusion is needed to restore blood volume. All nephrotoxic drugs such as non-steroid anti-inflammatory agents or radiological dye need to be discontinued. Bacterial infections are the most common precipitant of renal dysfunction in cirrhosis. Bacterial products themselves can induce the production of inflammatory cytokines; many of these can disturb the glomerular microcirculation, or directly cause tubular cell death, leading to AKI \[[@b20-cmh-2016-0056]\]. Therefore, it is important that all patients with AKI should undergo a full septic work-up and be started on empirical antibiotics. Albumin should be given at a dose of 1 g/kg of body weight to a maximum of 100 g \[[@b3-cmh-2016-0056]\]. Apart from its volume expanding property, albumin also has scavenging, anti-oxidant and endothelial stabilizing functions, and therefore, can help to remove some of the inflammatory markers and excess vasodilators that are contributing to the pathogenesis of AKI \[[@b21-cmh-2016-0056]\]. All of these measures should lead to a reversal of the AKI in the majority of patients. Even after AKI reversal, these patients need to be monitored regularly for the recurrence of AKI. For those patients who do not respond to these general measures, every attempt should be made to identify the cause of the AKI and treat accordingly \[[@b12-cmh-2016-0056]\].

For patients who have stage 2 or 3 AKI, in addition to administering the same general measures, patients need to be assessed for the presence of HRS. Once HRS is diagnosed after excluding structural renal diseases, patients should be offered vasoconstrictor therapy, and continuation of albumin infusions. It has been shown that patients whose SCr does not reach the threshold of 1.5 mg/dL (133 µmoL/L), but who otherwise fulfil the diagnostic criteria of HRS, have the same negative prognosis as patients who have HRS diagnosed using the traditional criteria \[[@b22-cmh-2016-0056]\]. Patients should be assessed for liver transplant simultaneously. For patients who are accepted for liver transplant but do not respond to vasoconstrictor therapy, renal replacement therapy should be started as a bridging therapy. Otherwise renal replacement therapy has no role in the management of AKI in cirrhosis.

EVOLVING CONCEPT OF AKI AND THE ROLE OF BIOMARKERS
==================================================

Given the fact that the current available tools for the diagnosis of AKI are imperfect, both in terms of an early diagnosis of AKI and in differentiating between functional from structural causes of AKI, many investigators have explored the use of various biomarkers. A biomarker is a characteristic of a condition that can be objectively measured and evaluated as an indicator of biological function, or pathological processes, or a response to pharmacological interventions. Biomarkers can be identified in body fluids as well as in tissue specimens. Serum creatinine is a biomarker, but it limitations as a biomarker of renal dysfunction in cirrhosis are well documented. The advent of new technologies in cellular and molecular biology is now making the search for novel biomarkers possible. Biomarkers of renal dysfunction should not be measurable in the absence of AKI. An increase in the concentration of these biomarkers should alert one to the development of renal dysfunction. In general, the use of more than 1 biomarker will yield more accurate results. Several biomarkers have been studied in cirrhosis. Cystatin C is a protein that is constantly produced by all nucleated cells and almost exclusively eliminated by glomerular filtration. Unlike SCr, serum cystatin C is not influenced by age, muscle mass, inflammation, or malignancy, nor is its measurement affected by the presence of high bilirubin. Various studies have shown that equations combining serum cystatin C and SCr may predict glomerular filtration better than those using SCr alone, especially when the glomerular filtration is below 60 mL/min \[[@b23-cmh-2016-0056]\]. Other biomarkers have also been identified as being able to phenotype the AKI, separating functional renal failure from acute tubular necrosis (ATN). Examples of these are proteinuria of \>500 mg/day, fractional excretion of filtered sodium or filtered urea. Other more novel biomarkers that can phenotype the AKI include neutrophil gelatinase-associated lipocalin (NGAL), interleukin 18 (IL-18), kidney injury marker-1 (KIM-1) and liver type fatty acid binding protein (L-FABP) \[[@b24-cmh-2016-0056]\]. All of these newer biomarkers show increased levels when there is renal injury, potentially indicating structural renal disease rather than functional renal failure. In a study that involved 188 patients with cirrhosis and AKI, urine samples were assessed to measure the levels of NGAL, IL-18, KIM-1 and L-FABP, as well as urinary albumin, and fractional excretion of sodium \[[@b25-cmh-2016-0056]\]. The authors found that patients with ATN were more likely to have high levels of multiple biomarkers, whereas the majority of patients with pre-renal azotemia did not have detectable levels of biomarkers of kidney injury. The use of biomarkers in differentiating the different types of AKI will still need to be validated in larger clinical trials. The use of biomarkers in assisting the diagnosis of AKI will become clearer when we have a better understanding of the role of these molecules in the pathogenesis of AKI.

It is important to note that the biomarkers of AKI today may not be the biomarkers of AKI tomorrow. As AKI may evolve from pre-renal azotemia to HRS, and from HRS to ATN in the same patient, biomarkers will also have to evolve with the clinical condition. The future may provide biomarkers that can identify patients at risk for AKI, or biomarkers that can specify the mechanism of injury, or biomarkers that can indicate progression of AKI, so that clinicians can improve their ability to make the initial diagnosis, differential diagnoses, and track progression of disease and ultimately provide a clearer prognosis for the patients \[[@b26-cmh-2016-0056]\]. Future diagnosis of AKI may include both functional and damage parameters.

CONCLUSION
==========

The diagnosis of AKI in cirrhosis has undergone dramatic changes in recent years, partly related to better understanding of the pathophysiology of AKI, and partly related to the need to institute earlier treatment, so to improve the prognosis of these patients. The IAC proposed changes in the definition and diagnostic criteria for AKI in cirrhosis is the first step towards better identification of these patients. Once validated, these diagnostic criteria will help to contribute to an improved prognosis of these patients. The use of biomarkers in the future will certainly further enhance the diagnostic accuracy of AKI for the patients.
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###### 

The diagnostic criteria of acute kidney injury in cirrhosis

  Parameter           Definition
  ------------------- -----------------------------------------------------------------------------
  Baseline SCr        Stable SCr ≤3 months
                      If not available, a stable SCr closest to the current one
                      If no previous SCr at all, use admission SCr
  Definition of AKI   ↑ in SCr ≥26.5 μmoL/L (0.3 mg/dL) ≤ 48 hours, or ↑ 50% from baseline
  Staging             Stage 1 : ↑ SCr ≥26.4 μmoL/L (0.3 mg/dL) or ↑ SCr ≥1.5--2.0 × from baseline
                      Stage 2 : ↑ SCr \>2.0--3.0 × from baseline
                      Stage 3 : ↑ SCr \>3.0 × from baseline, or
                      SCr ≥352 μmoL/L (4.0 mg/dL) with an acute ↑ of ≥26.4 μmoL/L (0.3 mg/dL), or
                      Initiation of renal replacement therapy

SCr, Serum creatinine; AKI, acute kidney injury.

###### 

Definition of progression of AKI and response to treatment

  Parameter               Definition
  ----------------------- ----------------------------------------------------------------------------------------
  Progression             Progression of AKI to a higher stage, or Need for renal replacement therapy
  Regression              Regression of AKI to a lower stage
  Response to treatment   None : No regression of AKI
                          Partial : Regression of AKI stage with a ↓ in SCr to a value ≤0.3 mg/dL adove baseline
                          Complete: ↓ SCr \<0.3 mg/dL from baseline

AKI, acute kidney injury; SCr, Serum creatinine.

Reproduced from Angeli et al. \[[@b12-cmh-2016-0056]\]

###### 

Recent studies on AKI in cirrhosis

  First author (publication year)                                                            Patient population                                                     Type of study                                     Diagnostic criteria                                    Major findings
  ------------------------------------------------------------------------------------------ ---------------------------------------------------------------------- ------------------------------------------------- ------------------------------------------------------ ----------------------------------
  Warner et al. \[[@b27-cmh-2016-0056]\] (2011)                                              Admitted cirrhotic patients with ascites & SCr \>1.5 mg/dL             Retrospective                                     AKIN & traditional                                     N=152
  Prevalence of AKI: 70%                                                                                                                                                                                                                                                     
  AKI plus CKD: 17%                                                                                                                                                                                                                                                          
  Pre-renal azotemia: 69% of all AKI                                                                                                                                                                                                                                         
  HRS-1: 9%                                                                                                                                                                                                                                                                  
  Hospital mortality for AKI: 34%                                                                                                                                                                                                                                            
  de Carvalho et al. \[[@b28-cmh-2016-0056]\] (2012)                                         Admitted cirrhotic patients with ascites                               Retrospective                                     AKIN                                                   N=198
  Prevalence of AKI: 41%                                                                                                                                                                                                                                                     
  Hazard ratio for in-hospital mortality is 2.6                                                                                                                                                                                                                              
  Altamirano et al. \[[@b15-cmh-2016-0056]\] (2012)                                          Admitted patients with alcoholic hepatitis                             Retrospective                                     AKIN                                                   N=103
  Prevalence of AKI: 28%                                                                                                                                                                                                                                                     
  90 day mortality in AKI patients 65% vs. 7% in non-AKI patients                                                                                                                                                                                                            
  Tsien et al. \[[@b17-cmh-2016-0056]\] (2013)                                               Stable cirrhotic outpatients with ascites                              Prospective                                       IAC & ADQI                                             N=90
  Prevalence of AKI: 54%                                                                                                                                                                                                                                                     
  30 month survival was 78% in AKI group vs. 93% in non-AKI group (P =0.049)                                                                                                                                                                                                 
  Belcher et al. \[[@b13-cmh-2016-0056]\] (2013)                                             Admitted cirrhotic patients with ascites and AKI                       Prospective                                       AKIN                                                   N=198
  Progression of AKI: 44%                                                                                                                                                                                                                                                    
  Progression was associated with a marked increase in in-hospital mortality                                                                                                                                                                                                 
  Wong et al. \[[@b18-cmh-2016-0056]\] (2013)                                                Admitted cirrhotic patients with ascites and infection                 Prospective                                       IAC & ADQI                                             N=337
  Prevalence of AKI: 49%                                                                                                                                                                                                                                                     
  30-day mortality for AKI non recovery: 80%;                                                                                                                                                                                                                                
  for AKI recovery: 15%;                                                                                                                                                                                                                                                     
  for non-AKI patients: 7%                                                                                                                                                                                                                                                   
  Fagundes et al. \[[@b29-cmh-2016-0056]\] (2013)                                            Admitted cirrhotic patients with complications                         Prospective                                       AKIN                                                   N=375
  Prevalence of AKI: 47%                                                                                                                                                                                                                                                     
  Stage 1 AKI: 77% of all AKI episodes                                                                                                                                                                                                                                       
  Stage 1a\*: 90-day survival same as non AKI patients                                                                                                                                                                                                                       
  Gradual decrease in 90-day survival with increasing AKI stage starting from stage 1b\*\*                                                                                                                                                                                   
  Piano et al. \[[@b30-cmh-2016-0056]\] (2013)                                               Admitted cirrhotic patients                                            Prospective                                       AKIN & traditional                                     N=233
  Prevalence of AKI: 26% (AKIN criteria) or 12% (traditional criteria)                                                                                                                                                                                                       
  Traditional criteria better at identifying patients at risk for progression of AKI                                                                                                                                                                                         
  Scott et al. \[[@b16-cmh-2016-0056]\] (2013)                                               Admitted cirrhotic patients with AKI                                   Prospective (patients) Retrospective (controls)   AKIN                                                   N=110 (patients) N=52 (controls)
  Higher baseline SCr in AKI patients                                                                                                                                                                                                                                        
  Increasing in-hospital mortality with increasing stage of AKI                                                                                                                                                                                                              
  Bucsics et al. \[[@b31-cmh-2016-0056]\] (2015)                                             Cirrhotic patients with ascites undergoing large volume paracentesis   Retrospective                                     AKIN & modified AKIN for cirrhosis (AKI-1a & 1b\*\*)   N=239 (90% inpatients)
  Prevalence of AKI: 32.6% (AKIN criteria)                                                                                                                                                                                                                                   
  Increasing 30-day mortality with increasing stage of AKI                                                                                                                                                                                                                   
  Increased mortality also observed in patients with peak SCr \<1.5 mg/dL                                                                                                                                                                                                    
  Tandon et al. \[[@b19-cmh-2016-0056]\] (2016)                                              Admitted cirrhotic patients                                            Retrospective                                     IAC (2015)                                             N=8,680
  Prevalence of AKI: 39%                                                                                                                                                                                                                                                     
  Increasing 30-day mortality with increasing stage of AKI                                                                                                                                                                                                                   
  3.5 fold increased in mortality also observed in patients with peak SCr \<1.5 mg/dL                                                                                                                                                                                        

ADQI, Acute Dialysis Quality Initiative; AKI, Acute kidney injury; AKI-1a\*, stage 1 AKI according to AKIN diagnostic criteria with the final serum creatinine \<1.5 mg/dL; AKI-b\*\*, stage 1 AKI according to AKIN diagnostic criteria with the final serum creatinine ≥1.5 mg/dL; AKIN, Acute Kidney Injury Network; CKD, chronic kidney disease; HRS-1, type 1 hepatorenal syndrome; IAC, International Ascites Club; SCr, serum creatinine.
